Quality assessment of the nitrate and phosphorus data
In this analysis, we used nitrate (N) and phosphorus (P) data collected from the northwest Pacific coastal and marginal seas since the 1980s, archived at the Japan Meteorological Agency (JMA, at http://www.data.kishou.go.jp/kaiyou/db/vessel_obs /data-report/html/ship/efile_NoS2_e.html), as well as data collected from the coastal waters of Korea since the 1990s, archived at the Korea National Fisheries Research and Development Institute (NFRDI, at http://kodc.nfrdi.re.kr/page?id=obs_04_01). The NFRDI dataset covers only the shallow Korean coastal waters (≤ 100 m), whereas the JMA dataset covers the entire water column in the East China Sea, the East Sea (Sea of Japan), and the Pacific coast of Japan. In this study, we did not use data collected prior to 1980 because most of that data deviated from the mean of the more recent data by more than 3 standard deviations. We used only those data with concentrations greater than 0.1 μM for N and 0.01 μM for P, which are the approximate analytical detection limits of N and P (S1). About 80% (∼55,000 data points) of archived data for depths less than 50 m and nearly 100% (∼118,000 data points) of data for depths greater than 50 m met these criteria.
The consistency between the two datasets could not be directly evaluated due to the insufficient number of data points overlapping in space and time (Figs. S1D, S1E). The distinctive qualities of Tsushima Warm Water in the East Sea (salinity of ~34.4) permitted evaluation of the consistency between the NFRDI and JMA datasets. The P data collected over the period 1994−2008 were compared with data from measurements performed in water masses within which the fraction of Tsushima Warm Water was greater than 0.7. The fraction of Tsushima Warm Water in the East Sea waters was calculated using optimum multi-parameter analysis (S2), which quantifies the contributions of multiple source water types to Tsushima Warm Water using information (salinity, temperature, and nutrient concentrations) on the source water types. The NFRDI and JMA datasets yielded mean P values of 0.39 ± 0.13 and 0.36 ± 0.10 μM, respectively, and the two values were not significantly different (p > 0.05) (Fig. S1A , Table  S1 ). These results increased our confidence in the mutual consistency of the two P datasets. For the comparison of N, only the data collected before 2000 was used because the values of N in the eastern coastal waters of Korea after 2000 were strongly influenced by air-N ANTH deposition (Fig.  2B ). Therefore, a direct comparison of the two N datasets is likely to be unreliable. In this analysis, we used data collected from waters deeper than 50 m to minimize the effects of air-N ANTH deposition. The NFRDI and JMA datasets yielded mean N concentrations of 5.8 ± 1.9 and 4.9 ± 1.8 μM, respectively. The discrepancy (0.9 μM) between the two mean N values was not statistically significant (p > 0.05) (Fig. S1A, Table S1 ), and the correction was thus not applied to the NFRDI dataset. We note that the rates of N* increase in boxes located along Korean coastal lines (boxes 5−7 and 10−15 in Fig. 1 ) were < 0.2 ± 0.1 μM decade −1 lower than the rates calculated using the same data following an adjustment of 0.9 μM. Our comparison indicated that the NFRDI and JMA datasets did not show significant systematic differences. Over the period between June and August 1999, a basin-wide survey was carried out in the East Sea. During this survey, the N and P concentrations were measured using the World Ocean Circulation Experiment (WOCE) protocol by scientists from the Scripps Institution of Oceanography (SIO) (S3) . We verified the accuracy of our N and P datasets against SIO's data collected from the northern basin of the East Sea. This comparison was performed only for data collected at a depth within the range 2400−2600 m (the most densely sampled depths) between the years 1998−2000. The accuracy of the JMA dataset in the Pacific coast of Japan was verified against the CLIVAR Repeat Hydrography datasets (P01, P02, and P10), collected at depths between 5000−6000 m. The mean N concentration measured in the JMA dataset differed by 0.4 μM (1.5%) and 0.1 μM (0.3%) from that of the SIO and CLIVAR datasets (Fig. S1B) . The discrepancy in P values measured in the JMA and other datasets was 0.02 μM (1%), twice the analytical detection limit (Fig. S1C, Table S1 ).
We applied the mean correction factors of 0.991 and 1.009 to the JMA N and P datasets, respectively. The accuracy of the JMA dataset sampled in the East China Sea could not be thoroughly evaluated due to a lack of deep water data. Because the JMA data from the East China Sea was measured using the same protocol as was used in the other basins (S4), it is reasonable to assume that the JMA data in the East China Sea is as good as the JMA data obtained from the other basins.
Air mass trajectories in northeast Asia
The air mass trajectory analysis shown in Fig. S2 was provided by the Norwegian Institute for Air Research (NILU; at http://www.nilu.no/trajectories) and was performed using the FLEXTRA trajectory model with meteorological data provided from the European Centre for Medium Range Weather Forecasts (S5, S6). The NILU air mass trajectory data include the locations of certain air masses over the previous 7 days at 3-hour intervals prior to arrival at the location of interest. Because the residence time of aerosols is approximately one week (S7), the dominant wind patterns in this dataset provided the main source of anthropogenic N transported to the East Asian marginal seas. Air sampling stations in Seoul, Korea and Tokyo, Japan provided back-trajectories of the air masses, as two representative stations. The dominant airflow patterns (red color) included westerly and northwesterly winds, as indicated by the average trajectories over the 14 years prior to 2009. In accordance with our expectations, Seoul, Korea was more significantly influenced by China (the main source of anthropogenic nitrogen) than Tokyo, Japan.
Estimation of atmospheric N deposition
The air-N ANTH deposition data used in the present study were obtained from the Acid Deposition Monitoring Network in East Asia (EANET, at http://www.eanet.cc) and the Korea Meteorological Administration (KMA, at http://www.climate.go.kr). The Uljin site (location shown in Fig. 3E ) belongs to the KMA and the others belong to the EANET. The EANET established the standard procedure for sampling and chemical analysis during wet and dry deposition (S8). Precipitation samples were collected daily and analyzed by ion chromatography. The particulate components were filtered and extracted with deionized water and then analyzed by ion chromatography. At the Uljin site, precipitation samples were collected for all rainfall events greater than 0.5 mm and analyzed by ion chromatography under the standard protocol suggested by the World Meteorological Organization's Global Atmospheric Watch Programme (S9).
The quantity of wet N deposition was directly measured from the sum of the precipitation-weighted NO 3 -and NH 4 + , whereas the amount of dry N deposition (F N ) was predicted using the following model: ; and V D is the dry deposition velocity (cm s −1 ), which is subject to large uncertainties due to its sensitivity to the wind speed, particle size, and humidity (S10 (17, 20, S11, S12) . Particle size (fine versus coarse) was the only criterion for choosing the best estimates of V D in our study.
Particulate NO 3 -species measured at the Cheju Island and Imsil sites in the East China and Yellow seas were restricted to particles with a diameter < 2.5 μm (no data were available for coarse particles > 2.5 μm in diameter). In a previous study significant proportions of particulate NO 3 -species were reported to be associated with coarse particles (diameter > 2.5 μm) in the East China and Yellow seas (17) . However, we do not know the extent to which particulate NO 3 -species are associated with such particles at these two air monitoring sites. Information of this nature is only available for Anmyeon Island (36.5°N, 126.33°E; green circle in Fig 3E) , which is located close to the Cheju Island and Imsil sites. We compared the air NO 3 -concentrations associated with fine particles with those associated with total (fine + coarse) particles measured at Anmyeon Island, and found a strong linear correlations (r 2 = 0.81) between these two measures (see Fig. S3A for the regression equation). To estimate the dry deposition flux of particulate NO 3 -species associated with coarse particles at Cheju Island and Imsil, the total particle-associated air NO 3 -concentrations were first estimated by introducing the fine particleassociated air NO 3 -concentration measured at each site into the regression equation in Fig. S3A . The air NO 3 -concentration associated with coarse particles was then calculated by subtracting the fine particle-associated air NO 3 -concentration at each site from the estimated air-NO 3 -concentration associated with total particles. We justify the use of this approximation by noting that the three air monitoring sites (Cheju Island, Imsil and Anmyeon Island) are located in close proximity to China (the main N source). Only wet N deposition data were available from the Uljin station (located on the east coast of Korea) in the East Sea. Therefore, we used dry deposition estimates from the Kanghwa site (37°42′N, 126°17′ E; west coast of Korea), which is located upwind of Uljin. As the particulate NO 3 -concentrations used for the Uljin site were also based on particles of diameter < 2.5 μm, we estimated the air NO 3 -concentration associated with coarse particles using the regression equation in Fig. S3A in conjunction with fine particle-associated air NO 3 -concentration data for Kanghwa; the method was the same as that used for the Cheju Island and Imsil sites. The air NO 3 -concentrations measured at the Oki Island site were associated with the total aerosol particles. Therefore, we partitioned the total air NO 3 -concentrations into fine and coarse particle modes using the measured proportions of fine and coarse particle-associated NO 3 -(0.3 for fine particles versus 0.7 for coarse particles), which were obtained from two Japanese air monitoring sites (Sado and Rishiri) located downwind of Oki Island (on west coast of Japan, locations shown in Fig. 3E ) (S13).
We also calculated F N values for fine (diameter < 2.5 μm) particle-NH 4 + using V D of 0.22 cm s −1 . However, our estimates of total aerosol NH 4 + deposition are probably below the correct value, because the amount of NH 4 + associated with coarse particles was not included in our calculations. We were unable to include NH 4 + deposition associated with coarse particles in our calculations, because of a significant uncertainty (r 2 = 0.49) in the relationship between NH 4 + levels associated with fine and coarse particles at the Anmyeon Island site (Fig. S3B) 
Supporting text
Correlation between seawater N* and atmospheric N deposition with and without NH 4
+
In determining the total atmospheric N deposition, we used the combined fluxes of NO 3 -and NH 4 + because ~98% of anthropogenic NH 4 + deposited onto seawater is ultimately transformed into NO 3 - (6) . Various studies (S14-S19) have shown that the conversion of NH 4 + to NO 3 -by nitrification occurs in the euphotic layer on a time scale of several days or less, thus impacting on the NO 3 − inventory in this layer. In some cases this process has been shown to contribute approximately 50% of the NO 3 − inventory in the euphotic layer (S15). The NH 4 + in the euphotic layer that is not nitrified is rapidly assimilated into organic matter, and eventually remineralized in the upper thermocline, just below the euphotic layer. All of the NO 3 -formed by remineralization in the upper thermocline is likely to be mixed back into the euphotic layer on time scales less than one year (S20). This NO 3 -will also impact on the euphotic zone as it is mixed into the euphotic layer. Therefore, we included NH 4 + in the atmospheric N flux. We recomputed the correlation between seawater N* values and air-N ANTH deposition with and without the NH 4 + flux, and found little change in correlation coefficient (r): 0.46 to 0.45 for Cheju Island, 0.83 to 0.79 for Uljin, 0.74 to 0.67 for Imsil, and 0.88 to 0.89 for Oki Island (Fig.  S4) . NH 4 + deposition approximately accounts for 30−50% of the total N deposition observed at all air monitoring stations.
Correlation between seawater and riverine N*values
We examined the effect of riverine N* flux on the increasing trend in seawater N* levels in ocean boxes located downstream of the major pathways of the river plume. The two major rivers discharging into the East China Sea and the Yellow Sea areas are the Changjiang River and Han River, respectively. The Changjiang River, one of the largest rivers in the world, discharges a fresh water volume of ∼930 × 10 9 m 3 yr −1 , approximately 45 times greater than the ∼21× 10 9 m 3 yr −1 released by the Han River (S21). The Changjiang River discharge forms a plume which is a mixture of river water and ambient seawater (often referred to as Changjiang Diluted Water, or CDW). The boundary of the CDW plume is usually defined by a salinity value of 31−32 (S22). We determined the correlation between seawater N* values in ocean boxes (1, 2, 4, and 5) located along the summer pathway of the CDW plume and yearly mean N* values, available only from measurements conducted at the Datong gauge station (located in the lower Changjiang River), over the period 1980−2008 (Fig. S5) (32) . However, the accuracy of correlations obtained was questionable because of the limited availability of nutrient data (only a few data sets are available for each year, usually one from the early part of the year and another from the latter part).
The Han River generally flows southward along the west coastline of Korea in winter, but flows toward the central basin of the Yellow Sea, and then flows southward, in summer (30, S22, S23) . Therefore, we compared seawater N* values in boxes 6 and 7 (wherein the effect of the Han River is likely strong) with N* values measured over the past 15 years in waters near the mouth of the Han River (Fig. S6) . Table S1 . Comparison of shallow and deep water N and P datasets archived at the NFRDI, JMA, SIO, and the CLIVAR Repeat Hydrography study. (A-C) Locations at which the nutrient (N, P) data were collected, to assess the accuracy of comparing the datasets archived at the NFRDI and the JMA with the datasets archived from the SIO and CLIVAR Repeat Hydrography studies. (D, E) Locations at which the NFRDI (red) and JMA (blue) datasets were collected.
Fig. S2
Back-trajectories of the air masses overlaying (A) Seoul, Korea and (B) Tokyo, Japan. The colors indicate the percentage (%) of the air mass located at that spot during the 5−7 days prior to arriving at each site. 
